Background: Squamous cell carcinoma (SCC) is the most common malignancy of the oral cavity. A relationship between the human papilloma virus (HPV) infection and the prognosis of oral cavity SCC (OCSCC) has been discussed before. Objectives: We investigated the prevalence rate of HPV status in patients with OCSCC, and its effects on clinicopathological characteristics of tumors and patients' prognosis. Patients and Methods: Sections of formalin-fixed, paraffin-embedded tissue blocks from 114 histopathologically confirmed OCSCC cases were investigated in this study. Polymerase chain reaction (PCR) was applied to evaluate the HPV status in the samples. Results: Fifteen (13.16%) cases were identified as HPV positive. The detected viral subtypes in this study were the subtypes 6 and 11. The stage and especially lymph node stage was significantly higher in the HPV positive group compared to the HPV negative group (P = 0.04). Disease free survival (DFS) was remarkably lower in the HPV positive group compared to the HPV negative group (13.9 vs. 49.9 months, P = 0.02). Overall survival (OS) was also significantly inferior in the HPV positive group (15.7 vs. 49.6 months, P = 0.01). In the current study, no significant differences were observed between two groups in relation to the variables of age, gender, tumors site, tumor size, tumor grading and also the recurrence rate. Conclusions: The observed higher mortality rate among the HPV positive group indicates the poorer prognosis of this group in comparison with the HPV negative patients. The incidence rate of HPV infection was low in the studied samples; however, interaction of subtypes 6 and 11 of HPV in poorer prognosis of the patients and a carcinogenic role of HPV in OCSCC cannot be ruled out.
Background
Head and neck squamous cell carcinoma (HNSCC) is the sixth most common cancer worldwide, with an average 5-year survival rate of around 50% (1) . Despite improvements in the therapeutic modalities, the prognosis of these patients has not been significantly improved in the last three decades.
Alcohol and both smoked and smokeless tobacco use are associated with increased risk of developing malignancy of the oral cavity and pharynx (2) .
Recently, the role of oncogenic viruses especially HPV in the pathogenesis of SCC has attracted the researchers' attention. HPVs belong to the family of DNA Papovaviridae. Over 100 types of HPV have been identified (3) . HPV viral proteins, E6 and E7, play major roles in the cervical as well as orophararyngeal carcinogenesis. This proteins act through inactivation of tumor suppressor genes, P53 and retinoblastoma (Rb) genes, resulting in cell immortalization and transformation (4) . Perhaps one of the most important developments in the head and neck oncology over the past decade is the recognition of HPV status in oropharyngeal SCCs (OPSCCs). It is obvious that HPV-ralated OP-SCC has unique epidemiological and clinical entity and it had better distinguishes from the OCSCCs because of unknown role of HPV in non-oropharyngeal head and neck cancers (5) (6) (7) .
In recent years, much attention has been paid to the prognostic role of HPV status in HNSCC. Various studies have reported conflicting results. Some researchers have found that patients with HPV detected in their cancers, have better prognosis compared to those without HPV (11) (12) (13) (14) (15) . Nevertheless there are studies that have found no difference or poorer prognosis for HPV related tumors (16) (17) (18) (19) (20) (21) (22) .
Objectives
In this study, we have investigated the prevalence rate of HPV status in patients with OCSCC, and its significance in the clinicopathological characteristics of tumors and patients' prognosis.
Patients and Methods
132 patients with diagnosis of OCSCC were included in this study between 2001 and 2013. Their records were collected from the files of department of pathology, faculty of dentistry and Omid hospital, Mashhad University of Medical Sciences, Iran. Age, gender, anatomical region, TNM stage, histological grade, therapeutic interventions, events including local, distant relapse and death were extracted from the medical records database. The Haematoxylin and Eosin stained sections from all specimens were reviewed by two pathologists to confirm the histology and grading.
Histological grading was assessed according to the WHO guidelines and tumor staging was reported according to the American Joint Committee on Cancer Staging Criteria (AJCC Sixth Edition, 2002). The study protocol was approved by the Ethical Committee of the Faculty of Dentistry.
Detection of HPV DNA Was Performed by PCR
5 to 10 µm sections were cut from each paraffin block.
Cleaning off the microtome blade with xylene and ethanol after cutting each paraffin block was taken for preventing and monitoring contamination of samples. The tumor samples were deparaffinized using a series of xylene and ethanol washes. In this study, DNA extraction was performed manually using enzymatic method. To extract DNA, the tissue sample was mixed with 400 µL digestion buffer which consisted of Tris-Cl (100 mM, pH 7.5) and Tween-20 (0.055) and proteinase K 3µL (20 mg/mL; Frementase, Germany), followed by incubation at 56°C for 3 hour. After the complete digestion of tissue, the mixture was incubated at 100°C in Hotblock (AccuBlock™ Digital Dry Baths; USA) to inactivate proteinase K. The samples were then centrifuged at 5000 rpm, and the supernatant containing DNA was used for PCR amplification (96-well thermal cycler; Applied Biosystem, USA). The quality of DNA was determined by amplification of housekeeping gene (β-Globin) using the GH20/PC04 primers (Cinnagen, Iran).
A consensus sequence from the L1 region of the HPV genome was amplified using GP5+/GP6+ primers (Cinnagen, Iran) (2). GP5:5'-TTT GTT ACT GTG GTA GAT ACT AC-3' and GP6:5'-GAA AAA TAA ACT GTA AAT CAT ATT C-3' were used as the primer set.
HPV typing (HPV 6, 11, 16, 18 and 31) was also performed using HPV type specific primers (Cinnagen, Iran) (19) . PCR products were separated in 2% agarose gels and visualized by Green Veiwer staining (Parstous, Iran).
Statistical Analysis
All analyses were performed using data processing program SPSS/PC version 16.0 for Windows (SPSS Inc., Chicago, IL, USA). Chi square, Mann -Whitney, Student's t test and Fisher's exact tests were used to assess the statistical significant differences between HPV status and clinicopathological parameters. The OS and DFS rates were estimated by the Kaplan-Meier method, and differences in survival rates were analyzed with the log-rank test. Relative risk and prognostic independence was assessed by the multivariate Cox proportional hazards model. P values less than 0.05 were considered statistically significant.
Results

Characteristics of Cases
Ten cases were excluded from the study because amplifiable DNA was not obtained. Moreover, eight patients were excluded because their clinicopathological databases were not complete. Remaining 114 OCSCC cases comprised of 58 men and 56 women. The mean age of patients was 58.6 years (range 19 -85 years).The follow-up period ranged from 6 months to 8 years. Median follow up was 23.7 months.
The HPV sequences were detected in 15 patients (13.16%): 5 cases with HPV11 (33.3%), one case with HPV6 (6.7%) and two cases with both HPV6 and 11 (13.3%). In 7 patients (46.7%) the HPV subtypes remained undetermined. HPV16, 18, 31and 33 were not detected in any of the cases. The most common site of involvement in both groups was the tongue.
Patients' characteristics and tumor features of the HPV positive and negative OCSCC cases are compared in Table  1 . No significant differences were observed between the two groups in the variables of age, gender, tumor site, size and histological grading. Fifty five HPV-negative patients (55.6%) were N0, while five HPV-positive patients (33.3%) were N0. In addition, while twenty two HPV-negatives (22.2%) were N2, eight HPV-positive patients (53.3%) were 2
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N2. The median lymph node involvement was significantly higher in HPV positive group compared to HPV negative group (P = 0.045). As a result, significantly more stage IVA was seen among the HPV-positive tumors compared to the HPV-negative ones (66.7% vs. 35.4%, P = 0.04).
Most of the HPV positive and negative cases were treated with surgery and adjuvant radiation therapy (Table 2). Local recurrence was the most common type of relapse. Thirty four out of 99 HPV-negative patients (34.3%) died from their disease compared with 11 out of 15 in the HPV-positive cases (73.3%). Chi square test revealed a significant relation between the rate of death and HPV positive status (P = 0.004).
Survival and HPV DNA status: the median DFS was 13.9 months among the HPV-positive and 49.9 months among the HPV-negative patients with a significant difference (P = 0.029). Also the median OS of 15.7 months in the HPV-positive group compared to 49.6 months in the HPVnegative group was significantly better (P = 0.017). The Kaplan-Meier survival curves for the HPV-positive and negative cases are shown in Figure 1 . We used multivariate analysis involving Cox proportional hazards model to determine which factors were jointly predictive of OS and DFS. The HPV status (HR = 2.10, CI = 1.02 to 4.28, P = 0.041) and Stage (HR = 1.92, CI = 1.36 to 2.70, P < 0.001) were significantly predictive of OS. In addition, both HPV status (HR = 2.80, CI = 1.35 to 5.79, P = 0.005) and stage of disease (HR = 1.95, CI = 1.37 to 2.79, P < 0.001) were significantly predictive of DFS.
Discussion
The participation of HPV in the oral and oropharyngeal carcinogenesis was first proposed in 1983 by Syrjanen et al. (23) and then supported by several other studies. According to many studies, the HPV prevalence rate in oral cancer is varied between 0% -100% (6, 19, (24) (25) (26) . This widespread variability can be in part due to differences in methodology of HPV detection ways and differences in sample types, populations, and anatomic sites tested (27, 28) . Moreover, various studies have reported conflicting results for the probable role of HPV on the patient's prognosis (15, 16, 29) .
In the current study, HPV DNA was detected in 15 out of 114 patients (13.6%). Regarding the sample size, the majority of small to medium sized studies (< 100 patients) have revealed a wide variation in HPV prevalence rates (varying between 0% and 100%); however, larger studies generally tend to show lower HPV prevalence rates (varying between 1.4% and 48.8%). Termine et al. (27) have mentioned the sample size as an important factor in the reportedly heterogeneous prevalence rate of HPV, which is in accordance with our findings.
The HPV positivity rate of 13.6% in our study is almost similar to those other reports of oral cavity cancers which are ranged from 12% to 70% for OPSCC (2, 15, 22, 30) versus 3% to 15% for OCSCC (2, 20, 31) .
While there is another report that mentions a 25% incidence rate of HPV among tongue cancers in Iran and yet all of them subtypes of 18 and 16 (32) , in the current study, 15 cases (13.16%) were identified as HPV positive and the detected viral subtypes were subtypes 6 and 11. However, it is not still clear whether these subtypes result in an infection driven carcinogenesis or they are just a transient infection (5, 33) .
Pannone et al. mentioned that HPV 6, which was known as "low risk" or "non-oncogenic" subtype to the cervix, was present in a larger number of head and neck cancers. HPV 6 and 11 have been found in some tonsillar and laryngeal carcinomas and in the malignant transformation of benign laryngeal papillomas, HPV 11 has been most commonly implicated. HPV 6 and 11 have also been on suspicion of malignancies such as verrucous carcinoma of the oral cavity (34, 35) . HPV 6 and 11 were also observed in other studies on cancers of the head and neck (36, 37) .
Studies on OPSCC often suggested that the incidence of HPV in this region is more prevalent (5, 33, 38) . It is also mentioned that HPV-mediated OPSCCs are more likely late stage, poorly differentiated, and with large lymph nodes in the neck, and in spite of that they have less risk of recurrence and death (2, 5, 24, 33, (39) (40) (41) . Some studies indicate that such HPV-positive tumors are more radio-sensitive and have better overall survival rate (33, 42, 43) . These patients tend to be younger and often male with less consumption of alcohol and smoking (33, 41, 44) . There is also data indicating that patients with HPV-positive OPSCC are associated with a higher number of sexual partners (33, 34) .
In SCCs limited to the oral cavity, usually the HPV prevalence rate is lower and HPV16 is also the most common type detected (2, 28) .
Some studies have suggested that HPV does not play a significant role in the etiology of OCSCC (8-10) and also does not play a role in the progression toward malignancy, even though some studies have demonstrated the role of HPV16 and 18 in oral carcinogenesis (45) (46) (47) . Notably, because of relatively low frequency of HPV in OCSCCs, only few studies have attamped to correlate HPV status with clinical outcome (5, 24, 46, 47) .
In most of the studies of HNSCCs, the demonstrated clinicopatological features about HPV positive cases are usually related to the oropharyngeal samples; therefore, little is known about the influence of HPV on clinical course of patients with the oral cavity cancer because of the lower HPV prevalence. No data currently supports the idea that HPV is significantly associated with improved outcome for patients with oral cancer. Only few published studies on patients with oral cavity carcinoma specifically examined the impact of HPV on outcome. Kaminagakura studied 114 patients and found a nonsignficant trend towards improved survival for 22 HPV-positive patients (47) . Sugiyama et al. demonstrated a nonsignficant trend towards improved overall survival for HPVpositive oral cavity cancer patients (48) . Smith found no association with HPV and outcome for patients with oral carcinoma, based on either serology or tumor HPV detection (49) . Also in Isayeva's cohort study of 89 patients with oral cavity carcinoma, no significant association was found for patients with either HPV16/18 E6E7 RNA and time to disease progression or disease specific survival (5).Therefore, future studies on oral cavity SCC should be powered to address the important clinical issue of HPV status.
In the present study, the mean age of the cases was 58.6 years, and there was no statistical difference between the HPV-positive and the HPV-negative groups based on age. Klozar et al. (13) and Marques-silva et al. (29) have come up with similar results. However, in some studies, the HPV-associated patients who suffer from oropharyngeal cancers tend to be younger (33, 39, 42, 44) . In our study, 53.3% of HPV-positive patients were males and 46.7% were Iran J Cancer Prev. 2016; 9(3):e3998. 5 females, and there was no meaningful relation between gender and the HPV status. Such findings have been observed in some other studies (29) , although some studies on oropharynx lesions have reported that the HPV-positive cases are predominantly male (33, 41, 42, 44) . In the present study, the most common tumor site was tongue, and there was no meaningful statistical relation between tumor location and the HPV status. Similar findings have been reported in other studies (19, 29) . According to the tumor grade, although 60 % of the HPV-positive patients were grade 2 and 59.6% of HPVnegative patients were grade1, no meaningful statistical difference was found between HPV status and histological grading of the tumor (16, 19) .
Although in most of the oropharyngeal cancer studies advanced tumor stages have been observed in the HPVpositive cases (18, 33, 39, 41, 44, 50) , there are some studies which have not seen any difference (16, 19, 32) . In this study 55.6 % of the HPV-negative patients and only 33.3% of the HPV-positive patients were N0. Still a majority of 53.3% of the HPV-positive patients were N2. Moreover, 66.7% of the HPV positive groups and only 35.4% of the HPV negative ones were stage IVA. Hoffmann et al. (51) have reported similar findings, although in some studies no difference have been observed (13) and in most of the HPV-related OPSCC cases higher lymph node involvement have been observed (18, 33, 39) .
In the current study local recurrence was the most commen type of relapse, and there was no statistically significant difference according to HPV status. In most of the HPV-related OPSCC studies low reccurence rate have been observed (2, 50), although Weinberger et al. have noted that HPV status has no prognostic value for local recurrence alone (52) .
In our study, 34.4% of the HPV-negative patients and 73.3% of the HPV-positive patients died of disease. That statistically meaningful relation was observed between HPV status and patients death. Less mortality risk in HPVpositive cases have been observed in some oropharyngeal studies (2, 50) . But as far as we know, no study on oral cavity cancers has especially dealt with the mortality rate of HPV-positive patients.
We found that HPV-negative patients survived significantly longer than HPV-positive patients when both the OS and the DFS were measured. Similar findings have been reported in other studies based on tumors with higher stages of disease (16, 22) . While the majority of oropharyngeal studies have reported an improved prognosis of HPV positive tumors (2, 5, 18, 19, 33, 39-41, 44, 50, 53) , there are still other studies which have reported no difference (2, 5, 18, 19) .
In our study, there was no meaningful relation between HPV status and smoking history. There are other studies which indicate HPV-related OPSCC patients, have a lower intake of tobacco and alcohol (33, 39, 44, 50) .
Conclusion
Currently, little is known about the influence of HPV on the clinical course and survival of patients with OC-SCC. Although the findings of this study revealed relatively low prevalance of HPV DNA in OCSCCs and also the well known high risk subtypes were not observed, the carcinogenic role of this virus and its less common variant of HPV 6 and 11, which we did see in the current study, cannot be totally ignored in the oral cavity cancers. Regarding high mortality rate of these variants of HPV-positive tumors, further investigations with higher sample volume using more developed methods are still required.
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